CROWLEY MARINE SERVICES, INC.

March 19, 1996

Dr. David Kendali

Dredged Material Management Office

U.S. Army Corps of Engineers, Seattle District
P.0. Box 3755

Seattle, Washington 98124-2255

Subject: Submittal of PSDDA Data Report

Crowley Marine Services' 8th Avenue Terminal, Slip No. 4, Duwamish River,
Seattle

Dredging Permit Application File No. 95-2-00537

Dear Dr. Kendall:

Enclosed is a data report submitted in support of Crowley's dredging permit application
(File No. 95-2-00537) for evaluation of the sediments from Slip No. 4 for disposal at a
Puget Sound Dredged Disposal Analysis (PSDDA) Program site. Based on past
discussions with you, it is our understanding that only the sediments from dredged
material management unit (DMMU) 2 are likely to be acceptable for such disposal.
Crowley is currently exploring other options for the disposal of sediments from DMMUs
1, 3, and 4. Dredging is now scheduled for next fall or winter.

Please call me at 443-8042 or Dr. Lawrence McCrone of PTI Environmental Services at
643-9803 if you have any questions or wish to discuss these issues further.

S} ly,

Stepheh Wilson

Manager, Environmental Compliance
Enclosure

cc: Slip No.4 Corespondence w/o enclosure

Tuan Vu wenclosure
Brad Marten w/o enclosure
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4300 B Street, Suite 507, Anchorage, Alaska 99503-5997 - (807) 563-1114 - Telex 6732564 - Fax (907) 762-3330
Pier 4, San Francisco, Califomnia 84107 - (415) 546-2684 - Fax (415) 5456-2608 (Admin)

Post Office Box 2110, Jacksonville, Fiorida 32203-2100 - (904) 727-2200 - Telex 4611037 - Fax (904) 727-2401 .
(904) (504) CROW AL, - NN

KCSlip4 59970

SEA426269



PTI

ENVIRONMENTAL,.SERVICES

153758E30I|Phn$ s-lmow.-mwoeow
2 B5X) » Besita

DatgRep .

Puget Sound Dredged Dlsposal Analysls Program

Qi sty

PTI Contract £483-08-02

March 1996

KCSlip4 59971

SEA426270



RSO

CONTENTS
e |

Technical Memorandum: Results of PSDDA Testing of Slip No. 4 Sediments

DAIS Data Checklist
PSDDA QA1 Checklist—Sediment Characterization Study
Decode List for July 1995 Sediment Samples for Slip 4

Attachment A-Conventionals Data
Attachment B—Metals Data

Attachment C—Semivolatiles Data
Attachment D—Pesticides and PCBs Data
Attachment E—Volatiles Data
Attachment F—Butyltins Data

PSDDA QA1 Checklist—Sediment and Tissue Samples for Bioaccumulation Study

Decode List for October-November 1995 Bioaccumulation Test Analyses for
DMMUI1

Attachment 1—Conventionals Data
Attachment 2—Sediment PAH Data
Attachment 3—Tissue PAH Data

Battelle Report on the Bioaccumulation Testing

KCSlip4

50972

SEA426271



TECHNICAL MEMORANDUM: RESULTS OF PSDDA
TESTING OF SLIP NO. 4 SEDIMENTS

INTRODUCTION

This technical memorandum summarizes the results of testing of sediments collected from
Slip No. 4 on the Duwamish River in Seattle, Washington. This testing was conducted by
PTI Environmental Services (PTI) on behalf of Crowley Marine Services (Crowley) in
order to determine the suitability of these sediments for disposal at a Puget Sound
Dredged Disposal Analysis (PSDDA) site. The proposed dredging of Slip No. 4, as well
as the overall approach to this investigation, were described in the PSDDA Sediment
Characterization Sampling and Analysis Plan (PTI 1995). For the purposes of evaluation
of the sediments under the PSDDA program, the sediments proposed for dredging were
divided into four dredged material management units (DMMUs). In July, 1995, two
sediment cores were collected from each DMMU and the sediments within those two
cores were composited as described by PTI (1995). The four composite sediment samples
(i.e., one from cach DMMU) were then chemically analyzed and subjected to three
sediment toxicity tests, as described by PTI (1995). In addition, reference sediments were
collected from Carr Inlet for use in the sediment toxicity tests. The reference sediments
were analyzed for various conventional sediment variables, but were not analyzed for
chemical contaminants.

RESULTS OF TESTING THE SEDIMENTS FROM THE FOUR DMMUS
Sediment Chemistry

The results of the chemical analyses of the four composite sediment samples from Slip No.
4 and of the reference sediment sample from Carr Inlet are reported in Table 1. The
concentrations of chemicals for which there are PSDDA criteria are compared to those
criteria in Table 1. The applicable criteria include screening levels (SLs), bioaccumulation
trigger values (BTs), and maximum levels (MLs). Exceedances of the PSDDA SLs are
indicated by a box around the concentration value. Exceedances of the PSDDA BTs are
indicated by shading of the concentration value. Exceedances of the PSDDA MLs are
indicated by both shading and a box around the concentration value. All four composite
sediment samples exceeded various SLs, while only two exceeded BTs (DMMUL1 for
fluoranthene and DMMUA for total polychlorinated biphenyls [PCBs]). Only one ML was
exceeded in any of the four composite sediment samples (fluoranthene in DMMU1). On
the basis of sediment chemistry alone, none of the four DMMUs should be precluded from
disposal at a PSDDA site, although further bioaccumulation testing would be required to
determine the suitability for such disposal of those sediments exceeding the PSDDA BTs.

1 c:\date\crowley\endail3.doc
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Sediment Toxicity Tests

The results of the amphipod, echinoderm embryo, and Neanthes toxicity tests are
summarized in Tables 2, 3, 4, and 5. Results are included for all four DMMU, as well as
for the Carr Inlet reference sediment. Also included are results for negative controls (i.e.,
Yaquina Bay control sediment in the case of the amphipod and Neanthes toxicity tests,
and a seawater control in the case of the echinoderm embryo toxicity test). The results of
these toxicity tests are then compared with PSDDA evaluation guidelines in Table 6.
Included are the PSDDA performance standards for the negative control samples, the
PSDDA performance standards for the reference area sediment, and the nondispersive
disposal site interpretation guidelines. The nondispersive site interpretation guidelines
include both the so-called “1-hit” and “2-hit” rules. Exceedance of either the “1-hit” or
“2-hit” rules requires that: 1) the magnitude of the toxic response in the test sediment
exceeds a given value (expressed relative to the response in either the negative control or
the reference sediment), and 2) the toxic response in the test sediment must be statistically
significantly different from the response in the reference sediment. Exceedance of the “1-
hit” criterion by a single toxicity test for a given DMMU is sufficient to preclude disposal
of the sediment from that DMMU at a PSDDA site. Exceedance of the “2-hit” criterion
by one of the toxicity tests for a given DMMU would only preclude disposal of the
sediment from that DMMU at a PSDDA site if that result was corroborated by the
exceedance of a “2-hit” criterion by one of the other two toxicity tests.

All three toxicity tests satisfied all applicable performance standards for the negative
controls and for the reference sediment. This implies acceptable performance was
achieved in these tests for comparisons with the sediments from the four DMMUs.
Statistical comparisons of each test sediment response with the corresponding response in
the reference sediment were performed using an approximate z-test (i.e., assuming unequal
variances). Differences were assessed using a one-tailed significance level (o) of 0.05 for
the amphipod and Neanthes toxicity tests, and of 0.10 for the echinoderm embryo toxicity
test.

For the amphipod toxicity test, the magnitudes of the toxic responses in the sediments
from all four DMMUs were sufficient to exceed the “2-hit” criterion, but only the results
for DMMU2, DMMU3, and DMMUA4 were statistically different from the response for the
reference sediment. The magnitudes of the toxic responses in the sediments from
DMMU3 and DMMU4 were also sufficient to exceed the “1-hit” criterion. Therefore, on
the basis of the amphipod toxicity test results alone, the sediments from DMMU3 and
DMMU4 would be precluded from disposal at a PSDDA site. The sediments from
DMMU?2 would only be precluded from such disposal if the results for one of the other
two toxicity tests also exceeded a “2-hit” criterion.

For the echinoderm embryo toxicity test, the magnitudes of the toxic responses in the
sediments from DMMU1 and DMMU2 were sufficient to exceed the “2-hit” criterion, but
neither result was statistically different from the response for the reference sediment. The
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toxic response in the sediment from DMMUS3 was significantly different from (but lower
than) the response for the reference sediment. The toxic responses in the sediments from
DMMU4 were neither statistically distinguishable from the response in the reference
sediment nor of sufficient magnitude to exceed either the “2-hit” or “1-hit” criteria.
Therefore, on the basis of the echinoderm embryo toxicity test results (either alone or in
conjunction with the results for either of the other two toxicity tests), there would be no
reason to preclude disposal of the sediments from any of the four DMMUs at a PSDDA
site.

For the Neanthes toxicity test, none of the toxic responses (either mortality or reductions
in growth) in the sediments from any of the four DMMUs were statistically different from
the response in the reference sediment. In addition, none were of sufficient magnitude to
exceed either the “2-hit” or “1-hit” criteria. Therefore, on the basis of the Neanthes
toxicity test results (either alone or in conjunction with the results for either of the other
two toxicity tests), there would be no reason to preclude disposal of the sediments from
any of the four DMMUs at a PSDDA site.

In conclusion, on the basis of sediment chemistry alone, none of the four DMMUs should
be precluded from disposal at a PSDDA site, although further bioaccumulation testing
would be required to determine the suitability for such disposal of those sediments
exceeding the PSDDA BTs (DMMU1 and DMMU4). The only results of the sediment
toxicity tests that would preclude disposal of the sediments at a PSDDA site are the
amphipod toxicity test results for DMMU3 and DMMUA4. Amphipod toxicity in the
sediments from those two DMMUs was sufficiently great to exceed the “1-hit” criterion.
Although the amphipod toxicity test results for DMMU2 exceeded the “2-hit” criterion,
they were not corroborated by the results for either of the other two toxicity tests.
Because the sediments from DMMU4 would be precluded from disposal at a PSDDA site
as a result of the amphipod toxicity, there would be no point in conducting
bicaccumulation bioassays of those sediments, that would otherwise have been
necessitated by exceedance of the BT for total PCBs. For DMMUI, further assessment of
the sediments through the conduct of bioaccumulation bioassays would be required
because of the exceedance of the BT for fluoranthene. Sediments from DMMU2 should
be suitable for disposal at a PSDDA site without further testing requirements.

BIOACCUMULATION BIOASSAY FOR DMMU1

To assess the bioaccumulation potential of the sediments from DMMU1 for evaluation of
their suitability for disposal at a PSDDA site, it was necessary to recollect sediments from
DMMUI, as described in a letter sampling and analysis plan, submitted to the Dredged
Material Management Office of the U.S. Army Corps of Engineers on October 19, 1995.
Subsequent revisions to that plan were described in a letter to the Dredged Material
Management Office dated October 23, 1995. Sediment cores were again collected from
Stations 1 and 2 within DMMUI, using a laser surveying system to reposition the
sampling device as accurately as possible at the locations of the previous cores at those
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two stations. The sediments from the two stations were composited, as described in the
plan, and submitted to the laboratories for analysis. In addition, reference sediments for
use in the bioaccumulation bioassays were again collected from Carr Inlet, composited,
and forwarded to the laboratories.

Both the sediments from DMMU1 and the reference sediments from Carr Inlet were
analyzed for a number of conventional sediment variables. Only the sediments from
DMMU]1 were required to be analyzed for polycyclic aromatic hydrocarbons (PAHs).
The results of these analyses are reported in Table 7. Despite every effort to relocate the
sediment cores at the locations of the previously collected sediment cores from DMMUI,
the concentrations of the PAHs were markedly lower (compare Table 1 with Table 7).
Nevertheless, it was necessary to use these sediments in the bioaccumulation bioassays.

The bioaccumulation bioassays were conducted by the Battelle laboratory in Sequim,
Washington, following the procedures described in the aforementioned October 19 and
23, 1995 letters. The test organisms were clams (Macoma nasuta) and polychaetes
(Nephtys caecoides). Battelle was responsible for the collection of negative control
sediments from Sequim Bay. The tissue samples were chemically analyzed by Columbia
Analytical Services in Kelso, Washington. :

The concentrations of PAHs were analyzed in five composite samples of the tissues of a
subsample of the organisms of each species collected for use in these bicaccumulation
bioassays (Table 8). These samples were referred to as “time 0” samples because they are
presumed to be representative of the tissues of the organisms at the initiation of the
laboratory exposures. Only two PAHs, fluoranthene and benzo(a)pyrene, were detected
in the Macoma time O tissue samples, and both were just above the detection limits. None
of the PAHSs were detected in the Nephtys time 0 tissue samples.

At the conclusion of the 28-day exposures to reference and DMMUI sediments, the
organisms were allowed to depurate for 24 hours, and then five composite tissue samples
were analyzed for each species from each sediment type (Table 8). Only two PAHs,
chrysene and benzo(a)pyrene, were detected in the Macoma tissue samples from the
reference sediment exposures, and both were just above the detection limits. None of the
PAHs were detected in the Nephtys tissue samples from the reference sediment exposures.
In contrast, a number of individual PAHs were detected in both the Macoma and Nephtys
tissue samples from the DMMU1 sediment exposures, at concentrations in some cases
substantially above the detection limits. Although no statistical analyses were performed
because of the absence of detected concentrations in the reference sediment tissue
samples, it is clear that the PAH concentrations in the DMMU]1 tissue samples are
significantly above those in the reference sediment tissue samples. While no objective
criterion has been established within the PSDDA program for evaluating the acceptability
of certain levels of bioaccumulation, indications are that the PSDDA agencies will use a
rule-of-thumb currently applied by U.S. EPA Region 9 in similar circumstances. That
rule-of-thumb is that a factor of 10-fold higher chemical concentrations in the tissues of
organisms exposed to test sediment relative to those exposed to reference sediments will
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be considered unacceptable. Assuming that this rule-of-thumb will be applied by the
PSDDA agencies on a best professional judgment basis, it appears likely that the
sediments from DMMU1 will be considered unsuitable for disposal at a PSDDA site
because they present an unacceptable risk for bioaccumulation of potentially toxic
chemicals.

Tissue concentrations of chemical contaminants may be reported on either a wet-weight
basis (as in Table 8) or a dry-weight basis. Unfortunately, there was insufficient tissue
sample available in all replicate composite samples to perform the total solids analysis for
conversion of the wet-weight concentrations to dry-weight concentrations. Total solids
values are reported for 12 tissue samples in Table 9. Included are all replicate samples for
Macoma in the DMMUI and reference sediments at the conclusion of the laboratory
exposures, and two of the replicate samples for Nephtys in the reference sediment at the
conclusion of the laboratory exposures. There was relatively little variability in the total
solids content in any of these samples. For those replicate samples with available total
solids measurements, the actual values for each replicate were used in converting the wet-
weight concentrations to dry-weight concentrations (Table 10). For those replicate
samples without actual total solids values, the mean of the other total solids contents for
each species was used instead. Given the relatively low level of variability in these values,
the effect of using the mean total solids values rather than actual values on the resulting
dry-weight concentrations would be minor. The dry-weight tissue concentrations of
PAHs are presented only for completeness; the conclusions discussed above with regard
to the bioaccumulation potential of these sediments would not be changed.

CONCLUSION

Comparison of the sediment chemical concentrations to the PSDDA SLs and MLs
suggests that none of the four DMMUs should be precluded from disposal at a PSDDA
site on the basis of sediment chemistry alone, although further bioaccumulation testing
would be required to determine the suitability for such disposal of those sediments
exceeding the PSDDA BTs (DMMU1 and DMMUA4). Comparison of the toxicity test
results to the PSDDA evaluation guidelines suggests that the sediments from DMMU3
and DMMU4 would be unsuitable for disposal at a PSDDA site on the basis of the
amphipod toxicity tests. Under the rule-of-thumb evaluation criteria applied by the
PSDDA agencies, it is likely that the agencies will consider the bioaccumulation potential
of the sediments from DMMUI to preclude those sediments from disposal at a PSDDA
site. Based on sediment chemistry and toxicity test resuits, sediments from DMMU2 are
likely to be found suitable for disposal at a PSDDA site. The sediments from DMMUI,
DMMU3, and DMMU4 will likely need to be disposed of in an alternative manner.

REFERENCE
PTL 1995. PSDDA sediment characterization sampling and analysis plan, Crowley’s 8th

Avenue Terminal Facility, Seattle, Washington. Prepared for Crowley Marine Services,
Seattle, Washington. PTI Environmental Services, Bellevue, Washington.
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TABLE 1. COMPARISON OF THE CHEMI
SAMPLES TO PSDDA SCREENING LEVELS, Bl

CAL RESULTS FOR THE 1995 COMPOSITE SEDIMENT
OACCUMULATION TRIGGERS, AND MAXIMUM LEVELS

DMMUY DMMUR2 DMMLB DMMU4 Carr inlet
Station(s): 12 /4 7.] 778 Reference PSDDA
Chemical Sample number: CM84-8 CMS4-1 CMS84-2 CMS4-3 CMS4-4 SL BT ML
Conventional Variables
Total volatile sclids (%) 49* KX 4 1.7 17 - - -
Total organic carbon (%) 2* 24 27 23 0.56 - - -
Percent Gravel ase® 6.46 27 0.81 0.35 - -- -
Percent Sand “1® 60.5 50.9 85.3 57.3 - - -
Percent Sitt g9 ® 241 26.8 1 36.6 - - -
Percent Clay 108 ° 8.3 8.1 23 42 - - -
Total solida (%) © 738 72 6.4 733 66.8 - - -
Sulfides (mg/kg) 910 J* 1,100 J J 26 J 15J - - -
Ammonia—nitrogen (mg/kg) 24 )¢ 77J /I 17J 2 J - - -
Metals (mg/kyg dry weight)
Antimony 35" 2U 2V 2U 20 146 200
Arssnic 155 * 172 1 4 57 5071 700
Cadmium 1.4 * 0.7 0.5 03U 0.96 - 9.6
Copper o4 | 84 62 20 8 - 810
Lead - 192 |* 636 556 134 66 - 660
Total mercury 0.13* 0.11 0.1 0.02 UV 0.21 1.5 2.1
Nickel 42°* 28 30 25 140 1,022 -
Siver 04" 04 06 02U 12 46 6.1
Zinc ‘ Czre)* 157 160 89 160 —— 1,600
Semivolatile Organic Compounds (g/kg dry weight)
Polyoyeclic aromatic hydrocarbons
Totel LPAH® 431 145 610 —— 6100
Naphthalene 2 20U 25 210 - 2,100
Acenaphthyiens 20U 20U 20U 64 - 640
Acenaphthene 28 2U 42 63 - 630
Fluorene 7 20U 51 64 - 640
Phenanthrene 260 98 s20 ~- 3200
Anthracene o4 47 120 130 - 1,900
2—Methyinaphthalene 20U 20 U 20U 67 - 670
Total HPAH' 4,940 [2010] 3,070 1,800 -— 51,000
Fivoranthene 800 320 8680 630 4600 6300
Pyrene 1,000 420 830 430 - 7,300
Benz{a]anthracene 480 160 270 450 - 4,500
Chrysene 560 220 340 670 -- 6700
Total benzofiuoranthenes ? | 960} 410 550 800 —-— 8,000
Benz[a]pyrene 520 200 260 680 4,964 6,800
Indeno[1,2,3—cd]pyrene 200 | 120 [150] . 69 -— 5200
Dibenz{e hjanthracens 84 N [ 120 -- 1,200
Benzo[ghi]perylene 280 130 160 540 —=— 5,400
Chiorinated benzenes
1,3-~Dichiorobenzene 12U 11U 12U 12V 170 1.241 —
1,4—Dichiorobenzene 12U 11U 12U 12U 26 190 260
1,2-Dichlorobenzene 12U 1.1 U 12U 12V 18 a7 350
1,24-Trichiorobenzene 6u 56U 59 U 58U 13 - 64
Hexachlorobenzene 20U 20U 200U 20UV 23 168 230
Phthalste Esters
Dimethyl phthalate 20U 20U 20U 20U 160 1,168 -
Disthyl phthalste 20U 20U 30 20U 97 - -
Di~n—Dbutyl phthalate 20U 20V 200 20U 1,400 10220 -
Butylbenzyl phthalate 20U 20U 2 U 20U 470 - -
Bis[2—sthythexy{]phthalate 76 210 300 290 3,100 13,870 -
Di—n—octyl phthaiste 20U 20U 20UV 220U 6,200 - -
Phenols
Phenol 20U 21 20U 20U 120 - 1,200
2—-Methyiphenol 20U 20 L 20U 20U 20 - 72
4—Methyiphenol 20U 20U 20U 20U 120 -— 1,200
2,4~ Dimethylphencl 20U 20U 20U 20U 29 - 50
Pentachiorophenol 100 UJ 100 UJ 100 UJ 100 UJ 100 - €90
Miscellanecus Oxygenated Compounds
Benzyl sicohol 20U 20U 20U 20U 25 - 73
Banzoile acid 200 U 200 U 200 V 200 U 400 - 690
Dibenzofuran [ e9] 200U 20U 25 54 - 540
6
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TABLE 1. (cont)

DMMU1 DMMUR DMMU3 DMMU4 Carr inlst
Station(s): 172 34 L] 77 Reference PSDDA
Chemical __Sample number: CMS4-5 CMS84-1 CMS4—-2 CMS4-3 CMS4-4 SL BT ML
Chiorinated Aliphaiic Hydrocsrbons
Hexachlorosthane 200 20U 200 20UV 1,400 10,220 14,000
Hexachorobutadiene - 20U 20U 20U 20U 29 212 280
Orgenonitrogen Compounds

N-—nitrosodiphenylamine 20U 20U 20U 20U 28 161 220
Pesticides (ug/kg dry weight)

44'-DDD 2U 2U 2V 2V - — -

4,4'-DDE 2V 2u 2V 2U - - -

4,4'-DDT 2V s U 27U 42V - - -

Totsl DDT* 2u 38U 27U 42U 69 50 6

Heptachior 1U 1V 1v 1V 10 37 -

Chiordane 1L 1U 11U 1U 10 37 -

Aldrin 28 W 78J 7.7 UJ 12 U 10 a7 -

Dieldrin 2U 2V 2U 2V 10 a7 -

Undane 1V 1V 1U 1u 10 - -
Totel polychiorinated biphenyls (ug/kg dry weight)

Polychlorinated biphenyls [ 320] [e60] [_ea0] 130 -— 2500

TOC normalized PCBs (ppm/OC)' 160 358 27 - 389 -
Volatile Organic Compounds (ig/kg dry)

Trichiorosthene 120 ARV 12U 12U 160 1,168 1,600

1,1,22-Tetrachiorosthene 12V 1.1V 12U 12U 14 102 210

Ethylbenzene 12U 11U 1.2V 12V 10 27 50

ortho—Xylene 12U 1 u 12U 12V - - -

para— and meta-—Xylene isomers i2U0 1.1 u 12U 12UV - - -

Total Xylenes 12U 1A u 12UV i2Uyu 12 - 160
Butyitine (ug/kg dry)

Monobutyltin 10 W 10w ou 10U 30 - -

Dibutyttin 10 W wouw wu 10U 330 - -

Tributyltin 10 W 10 U 19 1wy 30 - -
_______Tetrabutylin 10 U 10 UJ 100 10U 30 s ==
Note -~ — no PSDDA lavel has been sstablished for these chemicals

BT — bioaccumulation trigger (exceedances indicated by shading)

DMMU - dredged material management unit

HPAH — high molecular weight polycyciic sromalic hydrocarbons

LPAH - low moleculas weight polycydiic aromatic hydrocarbons

ML —~ meaximum level (sxceedances indicated by outiine and shading)

PSDDA — Puget Scund Dredged Disposai Analysis program
SL — screening level (exceedances indicated by outline)

& Vaiue represents the mean of the laboratory duplicate anslyses for this sampie.

b Value represents the mean of laboratory triplicate analyses for this sample.

C Total solids results are an average of all laboratory replicates from both Columbia Analytical Services Inc. and Analytical Resources inc.

d Where SLs, BTs, and MLs in this table represant the sums of individual o
jsomers (9.g., total PCBes), only the datected concentrations are used for
jsomers. When all individusl compounds or groups of lsomers are undetected,

ompounds (e.g., total LPAHs and total HPAHSs) or groups of

calculating the sum of the respactive compounds or groups of

the highest individuel detection limit is reported.

* Total LPAH represents the sum of the concentrations of the following LPAH compounds: naphthalens, scenaphthylene, acenaphthene,
fiucrene, phenanthrene, anthracene, and 2—methyinaphthalens. The total LPAH SLs, BTs, and MLs are not the sums of the corresponding

SLs, BTs, and MLs listed for the indvidual LPAH compounds.’

1 Total HPAH represents the sum of the concentrations of the following HPAH co
chrysene, total benzoluoranthenes, benzo[a]pyrene, indeno[1 2,3—cd)pyrens,
total HPAH SLs, BTs, and MLs are not the sums of the corresponding SLs, BTs, and MLs listed

Total benzofiuoranthenes represents the sum of the concontrations of the b and k isomers of benzofiucranthene.

" Total DDT represents the sum of 4,4'—~DDD, DDE, and DDT.

) Total PCBe BT value in ppm carbon—normaliized. -

mpounds: fluoranthene, pyrene, benz[s]anthracene,
dibenz{a,hjanthracene, and benzo[g,h,/Jperylene. The
for the Individual HPAH compounds.
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TABLE 2. MORTALITY OF AMPHIPODS, RHEPOXYNIUS ABRONIUS.
' IN SEDIMENT TOXICITY TESTS

-
Statistically
Sample ID/ Number of Dead Percent Significant?®
Replicate Amphipods Mortality® {Probability)
Yaguina Bay Control Sediment
1 0 0
2 1 5
3 3 15
4 4} o}
] 0 0
Mean + SD 4.0 £ 6.5 -
Carr Inlet Reference Sediment {CMS4-4)
1 5 25
2 2 10
3 3 15
4 4 20
5 1 [
Mean = SD 16,0 £ 7.9 -
DMMU1 (CMS4-5)
1 2 10
2 8 40
3 8 40
4 5 25
5 2 10
Mean + SD 25.0 = 15.0 No (P=0.12)
DMMU2 (CMS4-1)
1 7 35
2 3 15
3 6 30
4 8 40
5 5 25
Mean + SD 29.0 £ 8.6 Yes {F=0.018)
DMMU3 (CMS4-2)
1 8 40
2 8 40
3 1 55
4 13 65
5 8 40
Mean = SD 48.0 = 11.5 Yes (P=0.0006)
DMMUA4 (CMS4-3)
1 10 50
2 13 65
3 8 40
4 [] 30
5 13 65
Mean £ SD 80.0 = 15.4 Yes (P=0.002)
Note: DMMU - dredged material management unit
sD - standard deviation

# Based on an initial number of 20 amphipods in each replicate test chamber.

® Based on a one-tailed t-test of the difference between the mean mortality of the amphipods
exposed to the test sediment and the mean mornality of the amphipods exposed to the
reference sediment.
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TABLE 3. ABNORMALITY AND MORTALITY OF SAND DOLLAR, DENDRASTER
EXCENTRICUS, EMBRYOS IN SEDIMENT TOXICITY TESTS '

e — T S

Larvas Counted Percent Statistically
Sample 1D/ Abnormal/ Significant?®
Replicate Norma! Abnormal Total Dead® (Probability)
Seawater Control :
1 196 5 201 15.5
2 250 4 254 -7.8
3 222 4 228 4.3
4 233 4 237 0.4
5 235 6 241 -1.3
Mean = SD 2.1 £ 8.7 -
Caur inlet Refersnce Sediment {CMS4-4) )
1 198 2 200 14.7
2 138 4 142 40.5
3 152 3 155 34.5
4 189 3 192 18.6
5 183 [+) 183 211
Mean £ SD 25.9 z 11.1 -
DMMU1 {CMS4-B)
1 136 7 143 41.4
2 187 7 194 19.4
3 186 12 198 19.8
4 180 5 195 18.1
5 169 23 192 27.2
Mean = SD 28.2 = 9.7 No (P=0.486)
DMMU2 (CMS4-1)
1 183 20 203 211
2 141 18 158 39.2
3 176 5 181 24.1
4 139 14 153 40.1
5 199 5 204 14.2
Mean + SD 27.7 £ 11.5 No {P=0.40)
DMMU3 (CMS4-2)
1 207 3 210 10.8
2 210 [ 216 9.5
3 185 1 186 20.3
4 218 3 221 6.0
5 181 9 190 22.0
Mean + SD 13.7+ 7.0 Yes (P=0.04)¢
DMMU4 (CMSA4-3)
1 177 10 187 23.7
2 184 7 191 20.7
3 172 15 187 25.9
4 214 [ 220 7.8
5 189 7 196 18.5
Mean = SD 183 £ 7.0 No (P=0.15)
—— ——————
Note: DMMU dredged material management unit .
sD . standard deviation

» Based on an average initial count of 232 embryos per 10 mL subsample. Negative vaiues reflect the fact
that the initial count in individual replicates may have been greater than the average initial count.

b Based on a one-tailed -test of the difference between the mean abnormality/mortality of the embryos
exposed to the test sediment and the mean abnormality/mortelity of the embryos exposed to the refersnce

sediment.

© Although the difterence was statistically significant, the mean abnormality/mortslity of the embryos
exposed 10 the test sediment was iower than the mean sbnormality/mortality af the embryos exposed to the

reference sediment.
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TABLE 4. MORTALITY OF POLYCHAETES, NEANTHES sp.,

IN SEDIMENT TOXICITY TESTS
Sampie ID/ Number of Dead Percent Statistically
Replicate Polychaetes Mortelity* Significant?®
Yaquina Bay Control Sediment
1 (o} 4]
2 0 V]
3 0 0
4 0 o]
5 o 0
Mean = SD 0=x0 -
Carr inlet Reference Sediment (CMS4-4)
1 0 1]
2 o o]
3 0 0
a4 0 0
5 0 (o]
Mean = SD 0+0 -
DMMU1 (CMSA4-5)
: 1 0 0
2 1 20
3 (o} 0
4 0 0
5 0 [¢]
Mean = SD 4 +8.8 No
DMMU2 (CM54-1)
1 (o} 0
2 0 0
3 0 0
4 0 0
5 o (4]
. Mean = SD 0x0 No
DMMU3 {CMS4-2)
1 0 (]
2 0 0
3 (v} 0
4 (v} 0
5 o] ]
Mean = SD 0+0 No
DMMU4 (CMS4-3)
1 0 0
2 0 (o]
3 ] ]
4 0 0
5 0 0
Mean = SD 0x0 No
Note: DMMU - dredged material management unit
SD - standard deviation

s Based on an initial number of 5 polychastes in each replicate test chamber.

® Statistical analyses were not performed because of zero variance in the reference sediment
and three of the four test sediments. There are clearly no significant differences among these
treatments.
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TABLE 5. GROWTH RATE OF POLYCHAETES, NEANTHES sp.,

IN SEDIMENT TOXICITY TESTS

Average Biomass Per Individual Growth Statistically
Sample 1D/ Total Biomass Individual® Rate® Significant?®
Replicate (mg) (mg) (mg/individ .-day} {Probability)
Yaguina Bay Control Sediment
1 112.7 22,5 1.10
2 93.0 18.6 0.80
3 96.3 19.3 0.93
4 89.7 17.9 0.87
5 70.8 14.1 0.68
Mean + SD 0.90 = 0.15 -
Carr inlet Referance Sediment (CMS4-4)
1 69.4 13.9 0.66
2 78.1 15.6 0.75
3 114.0 228 1.1
4 91.4 18.3 0.88
5 72.0 14.4 0.69
Mean = SD 0.82 £ 0.18 -
DMMU1 (CMS4-6)
1 92.2 18.4 0.89
2 67.7 16.9 0.82
3 78.5 16.7 0.76
4 92.2 18.4 0.89
5 86.4 17.3 0.83
Mean = SD 0.84 = 0.06 No (P=0.42)
DMMU2 (CMS4-1)
1 81.4 16.3 0.78
2 86.1 17.2 0.83
3 88.4 17.7 0.85
4 71.8 14.4 0.69
5 64.2 12.8 0.61
Mean + SD 0.75 = 0.10 No {(P=D.25)
DMMU3 (CMS4-2)
1 83.6 16.7 0.81
2 80.4 16.1 0.77
3 93.8 18.8 0.91
4q 72.1 14.4 0.69
[ 107.6 215 1.05
Meen = SD 0.86 = 0.14 No {(P=0.40}
DMMU4 (CMS4-3)
1 81.3 16.3 0.78
2 45.1 9.0 0.42
3 91.3 18.3 0.88
4 91.8 18.4 0.89
5 78.1 15.6 . 0.75
Mean = SD 0.75 = 0.19 No (P=0.27)
==
Note: DMMU - .dredged material management unit
SD - standard deviation

® Based on the number of surviving polychastes in sach replicate chamber at test termination.

b Based on dividing the averape increase in biomass per individual (relative to the average initial biomass per individual,

0.598 mg) by the total exposure time.

© Based on a one-tailed r-test of the difference between the mean individual growth rate of the polychaetes exposed to
the test sediment and the mean individual growth rate of the polychactes exposed to the reference sediment.

1

KCSlip4 59983

SEA426282



86°0 0L 02(jeiu| # / 10AU0D [RULION ¥)
pIBpUBIS 9JUBLLIOLIRJ [0A3UOD BAjIRBAN
L0 69°0 (103U0D) [BWION # / 92URI9|aY |BWION #)
PIEPUBIS 8IURWIOJIAJ IUBWIPES @DUBIOJAH
ON LLJN ON ON {01°0>d) 92uaIBjIQ UeDIYLBIS
(| wy-4)
0£'0<(104u0D [eLION § /1591 |BLWLION #)
L0°0- Ti'o- 200 100~ — (jo1UCD [BLUION # / 82uBIBjEY |BWION #) o~
28'0 880 — L0 — 9.0 _ (8N4 YY-Z) 08°0 > (140D [BWION ¥ /1581 |BWION #) *
%6'SC %E'6GL %L'EL %LLT %T'ST peap/|ewsouqe usdiad i
9€1’lL 0gg 9€6 100t 8€s 898 JeuuoN #
‘ waspouiyoz
%¥ %01 5 (jou0) ussn)
PiBPUBIS 9IUBWIIOYIBY |0JUCY BANBBAN
%Ll %0 S (1013U0D UBBIN — BIUBIB}OY URDW)
PISPURIS IUBLIIOLIS JUSLIIPAS BDUAIRJEY
S0 oA SeA ON (80'0 >d) 92uLsajIQ IuedyIUBIS
% SE %EE %vi %01 (8IN) Y- 1) %OE <(9IUdIBjBY LRGN — 15| UBIN)
%9 % %52 %1z | (81N WY-Z) %OZ < (191UOD UBSYY - 1591 UEBIN)
% v %S| %085 %8¥ %62 %82 Aujayiopy
podjdwy
VPSSO E-YSWO  T-PSND  1-¥SWO  G-PSWD  18quinp ejduweg ujodpulnse
jonuo) 20udIa)eY 8/L /S v/€ e/ ‘{sjuoneig

sAneBeN 19U LBD  PNINNG  ENWWG  ZNINNG  LNWING
e

31IS 1vS0dSIA AAISHIISIANON Vv HO4 SINITIAIND
NOILVNTVAS vaasSd HL1IM S11NS3H 1S31 ALIDIXO4 LNIWIA3S 40 NOSIHVANOD "9 318V.L

KCSlip4 59984

SEA426283



MY, © pelepisuod aq o} eduedyiubls [eonsnels Aq pajuediuiodde 8q osje
1SNW $83UBPaacXE Yang -auEPIND uopBiaidiatu) 8IS [8SOASIP BAISIadSIPUOU 81qeDlIdde By} JO 9IUBP3IIXD 9182(PUI SINJRA paxog

sisAjeuy [esods|q pebpeig punog 186nd - vaasd
jun juswebeusw (epeiew pabpaip - NINING 919N

%0
160
ON ON ON
16'0 v0'L 160
£8'0 ¥6°0 €8'0
06°0 80 SL°0 98’0 $L'0
%0
%0
ON ON ON
%0 %0 %0
%0 %0 %0
%0 %0 %0 %0 %0

(510 34-Z) 080> (I2UOD YIMOID |8NDIAIPU| UBSIY.

%01 5 (1013u0D AUjRLION)

PIBPUEIS 99UBWIOLISY [0NILOD BAlIRBAN
08'0 Z(I9AUOD YIMOID) |BNPIAIPU| LB

/ 90URIBAY LIMOID [BNPIAIPU} UBBIN)

PIEPURIS BOUBLLOLIA JUSWIPIS @OULIBLRY

(50°0 >d) souRIRpQ Wwedyubis
(3| I4-1)

06°0> (83usiejay YIMOJD [ENPIAIPU| UBBN

/ 1581 YIMOJD [ENPJAIRU| UBD)

/1581 YIMOID [BNPJAIPU] UBBN)
(Aep-i8npIAIpUYBL) IMOID
seyueoN
%0 L5 (lonuae) Ayjsuopn)
pJEPUBIS SIURWIIOA 103U0D BApRESN

%0z S (101u0) AYjsHOpN — 90uRIRjaY AMBLION)
PIBPUBIS @OUBIIOLING JUBWIIPES @IURIGIEY

(§0°0>d) SoudialIg WBdbIS

(91N Y- 1) %OE < (99ULIB4RY LRS- 159) URI)
(811 WY-Z) %O0Z < (100D VRS —159) UBIW)

Ayeuow
soy usepN

P-PSND  E-PSWI  Z-¥SWO  I-¥SWD
loauo) edudIRgeY 8/L 9/§ v/E
sapsBoN WUl 1BD  PAWNG  ENWWG  ZNIAWG

tiequinN ajdwes

uodpuz/ise

PSS

(*3uod) "9 37avL

PR RSO e RS —

13

KCSlip4 59985

SEA426284



[———

TABLE 7. CHEMICAL RESULTS FOR THE SEDIMENTS COLLECTED FOR USE IN THE

BIOACCUMULATION EXPOSURES

N " DMMU1 Ca Iniet
Station(s): 1”2 Reference
Sample number. S4BC-2 S4BC-1
Conventional variables
Total volatile solids (%) 3.6 20
Total organic carbon (%) 1.8 0.50
Percent gravel 0.44 0.01
Percent sand 63.7 48.5
Percent silt 28.0 45.3
Percent clay 7.9 52
Total solids (%) 60.0 65.2
Polycyclic aromatic hydrocarbons (ug/kg dry weight)
Naphthelene 6 NA®
Acenaphthyiene § NA*®
Acenaphthene 31 NA®
Fluorene M4 NA*
Phenanthrene 397 NA®
Anthracene 202 NA*
2-Methyinaphthalene suU NA®
Fluorsnthene 1600 NA®
Pyrene 1700 NA®
Benz(a)anthracene 990 NA®
Chrysene 1100 NA®
Total benzofiuoranthenes ® 1223 NA®
Benzo(a)pyrene 510 NA*
Indeno(1,2,3-cd)pyrens 404 NA®
Dibenz{a,h)anthracene 138 NA®
—Benzo(g hijpentons 27 A
-

NA - not analyzed

®  Yotal benzofiuoranthenes represents the sum of the concentrations of the b and k isomers of

benzofluoranthene.
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TABLE 9. TOTAL SOLIDS CONTENT OF MACOMA AND NEPHYTS TISSUE SAMPLES

Tissue Sample Replicate Total Solids (%)
Macoma
Reference

16.8
16.6
16.3
17.4
13.2

N dWON =

16.5
16.2
16.4
16.3
14.7
Mean 16.0

DMMU1

N DN =

Nephtys
Reference 2 16.8
3 17.1
Mean 17.0
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. DMMU 3
Approximate area ——
proposed for dredging
6
8th Avenue

Terminal Company
LEGEND o4
® Sediment core station DMMU 2

e3

0 100

el — feet

Contours in feet relative to

mean lower low water

Based on August 1994

bathymetric survey DMMU 1 o

Wl FLs
. //7/7}//

Duwamish Waterway

PROPOSED DREDGING

Figure 1.
SEd'mem core station IN: Slip No. 4, Duwamish Waterway
locations.
AT: Seattle
Crowley Marine Services .
8th Avenue Terminal COUNTY OF: King STATE: WA
7400 8th Ave. S.
Seattle, WA 98108 APPLICATION BY:
Crowley Marine Services
- SHEET: DATE: 03/29/95
14 C483-06-02 0/07/9%6
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